tural element or its part is crucial when analysing principal strains or principal normal stresses by means of PhotoStress® method. For the purpose of this method, the selection of photoelastic coating is as crucial as the selection of a strain gauge and adhesive for tensometric analysis. This paper is hence aimed at this relatively important issue of stress analysis performed through PhotoStress® technique. In this paper, the selection and the application of photoelastic coating are being demonstrated on irregularly shaped surface of one pressure vessel.
introduction
PhotoStress® technique is used for measurements of surface strains and stresses in construction parts or systems under static or dynamic loading.
In this method a special strain-optic sensitive photoelastic coating is being applied to analysed surface of a construction part. If the coating is applied to the surface of some loaded construction part and then illuminated with polarized light from reflection polariscope, strain or stress distribution on the coating can be observed through analyzer as colourful isochromatic fringes. The fringes reveal overall distribution of strains and stresses and, at the same time, pinpoint high strain and stress areas. Besides visual information on overall strain and stress distribution, quantitative analysis can be performed using optical compensator bonded to reflection polariscope. With PhotoStress® method simple and quick quantitative strain and stress analysis can be performed.
PhotoStress® 
Pressure Vessel characteristics
In this paper, the selection and the application of contoured photoelastic sheet are being demonstrated on the surface of a pressure vessel with the volume of 1 litre (Fig. 1) . Its parameters listed in Fig. 2 are needed to estimate the parameters of photoelastic sheet. The pressure vessel was made from non-alloyed finegrained construction steel 11 523. Its Young's modulus equals E=2,1.105 MPa and its Poisson's ratio µ=0,3. The mean thickness of the pressure vessel wall is circa 3,8 mm. 
selection of Photoelastic coating
Selecting photoelastic material, it is highly required to follow systematic procedure in order to prevent omitting one or more crucial considerations. The main requirement is to select coating material that will ensure maximum reliability and accuracy of given set of measuring conditions [2, 11] . As far as the selection of photoelastic coating of the pressure vessel is concerned, the following criteria were taken into account: a) the method of plastic application to the surface, b) birefringent sensitivity of the coating, fect of the photoelastic coating has to be taken into account so as to get possibly the most precise results. The applied photoelastic coating reinforces the pressure vessel and transforms some loading. As a result, measured strain values are lower than in case without coating being applied to the surface. For this reason, correction coefficient C N was derived for long cylindrical vessel which is closed with bottoms and loaded with inner overpressure. In the equation for correction coefficient C N , it was in a simplifying way agreed that Poisson's ratio of photoelastic material equals Poisson's ratio for the material of the pressure vessel ( C n n = ). Then, correction coefficient for pressure vessels C N will be derived from
where: ε 1 , ε 2 stand for strains [-] , N represents the fringe order value [-] , f represents fringe constant value or birefringent sensitivity of photoelastic coating [μmm/mm]. The lower the value of fringe constant, the higher the birefringent sensitivity of a photoelastic coating. It is derived from the following relation
where: λ stands for wave length of white light in polariscope (0,575.10-6 m), t C thickness of photoelastic coating (mm), K strain-optic coefficient of photoelastic coating [-] . c) shape irregularity This criterion relates to cases when the surface to be covered with contourable photoelastic coating has small-radius curvature. The thickness of the coating needs to be chosen properly, so that the sheet can be contoured over projections and into recesses while maintaining uniform thickness. The thickness of the coating, hence, should be less than 20 per cent of curvature radius of the surface. d) reinforcing effect of the pressure vessel As a common rule of thumb, the reinforcing ef-
where: R, r represent inner and outer radius of the pressure vessel, R C outer radius of the applied photoelastic coating, E, E C elastic modulus of vessel material and photoelastic coating, μ Poisson's ratio of the material of the pressure vessel. Relations of correction coefficients for steel pressure vessels depending upon geometrical features of that particular vessel and photoelastic coating are depicted in Fig. 3 . 
e) maximum elongation
In selection of photoelastc coating, it is necessary to count with its maximum measured strain, which relates to the S-N curve and linearity of photoelastic features. Table 1 lists allowable elongations for selected types of contourable materials of photoelastic coating.
After considering stated criteria for selection of photoelastic coating, liquid contourable photoelastic coating PL-1 with thickness 0,2 cm was chosen to be applied to the pressure vessel. Mechanical and optic properties of the coating are stated in publication [10] . Correction coefficient of the selected coating with thickness 0,2 cm was derived from relation (4) and its value is C N = 1,01028.
For bonding contoured photoelastic coating to the surface of the pressure vessel the adhesive PC-1 (Fig.5 ) was used. It exhibits perfect seal toughness and no tendency to slide during application. The adhesive hardens relatively quickly (10 hours) and has low viscosity. These features enable easy handling. After considering this criterion, photoelastic material PL-1 with maximum elongation 5 per cent was selected. f) the impact of temperature during testing The test of the pressure vessel will be performed at room temperature. The impact of temperature during testing can be ignored. Technical information on given coating material PL-1 normally refers to its properties at room temperature. Fig. 4 illustrates the relation of strain-optic coefficient depending upon temperature. Photoelastic coating PL-1 exhibits two temperature ranges in which the strain-optic coefficient K is stable even if temperature is significantly changing. The pressure vessel will be examined at room temperature without considerable temperature changes, so the value of strain-optic coefficient can be regarded as constant. 
castinf and contouring Photoelastic sheet
For casting contourable photoelastic sheet were prepared required equipment and Teflon casting plate in the laboratory. The plate was properly cleaned with a gauze sponge soaked with acetone. Then, a thin layer of releasing agent "Photoelastic Releasing Agent" was put on the surface of the casting plate and thin film was applied to it (Fig.6) . The film prevents casted coating from sticking to the casting plate and simultaneously ensures its smooth removal. The releasing agent was applied to the film too. To assure uniform thickness of the coating the casting plate had to be horizontally levelled. After the casting plate had been levelled, a casting mould was prepared from properly cleaned silicon snap-together frame that was coated with releasing agent in advance. Final parameters of the mould were 24 x 22 cm. Casting area is 0,6 cm longer and wider since it is needed to trim the meniscus that arises during the process of pouring liquid resin. The snap-together frame allows casting coating sheet of any size, even to the size of the plate. After putting the frame together, the casting area was covered with plexiglas plate to be kept away from dust (Fig.7) . with accuracy 0,1 g.
Fig. 7: Snap-together frame and its plexiglas cover.
After the preparation of casting area, the next step was to prepare liquid photoelastic coating, which is a mixture in proper proportion of resin to hardener. The amount of resin and hardener was set from the total weight of the mixture required for coating sheet with proper size. were pre-weighed with electronic scale BS 3000A
Calculation of hardener weight:
Contourable photoelastic coating applied to the pressure vessel had been cast in two procedures and always to uniform size. The size of the sheet and weights of single mixtures are listed in Table 2 . Precise amounts of individual mixture components Resin and hardener, both components being preweighed in precise proportion to each other, were being mixed in a plastic cup with mixing thermometer while trying to avoid the introduction of air bubbles. Mixing must be slow, constant and performed in the same direction, so as to prevent air bubbles in the mixture. These would make contourable sheet non-homogenous. As the mixture temperature reached 48°C, which is the required temperature, the mixture was poured onto the prepared casting surface. The mixture was being poured slowly and evenly throughout the surface in order to prevent air bubbles even during this procedure. Even when bubbles occurred, they were burst either with the mixing thermometer or a needle. After the mixture was poured out, plexiglas cover was put onto the frame, so as to keep the coating away from dust. The casting procedure of contourable photoelastic coating is shown in Fig. 8 . After casting, the mixture passed through polymerization reactions and approximately after two hours reached required state. The substance as such was mechanically stable and ready to be removed from the teflon plate (Fig.9 ) and contoured in order to get required shape of the pressure vessel.
During polymerization cycle of the coating, the surface of the pressure vessel was cleaned with gauze soaked with acetone and coated with min-eral oil which prevents the sheet from sticking to the surface of the vessel. After this procedure, the vessel was ready for contouring the photoelastic coating.
After the first part of photoelastic coating had hardened, the other part was casted while following the same procedure as in the first case. Then, after hardening, fine sandpaper was used to sand irregularities of the edges. Fig.11 depicts stiff and worked parts of photoelastic coating of the pressure vessel.
bonding Photoelastic sheet onto the Pressure vessel
Before bonding, photoelastic sheet was subjected to examination through polariscope. It did not exhibit initial photoelastic effects and could be bonded to the pressure vessel. Bonding must be precise and without errors. The quality of bonding is dependent upon preceding preparation of surface material of tested object, photoelastic sheet, adhesive and bonding procedure. In the first step, the surface of the pressure vessel was precisely cleaned and degreased with acetone and then coated with Photoelastic metal cleaner and worked with fine sandpaper. Then, neutralizing substance was coated with gauze sponge onto the surface of the vessel to ensure optimal pH factor. After that, both sides of coating parts were precisely cleaned [1] .
For bonding contoured photoelastic sheet twocomponent adhesive PC-1 was used. The adhesive was selected with reference to applied photoelastic coating. The amounts of hardener and adhesive were mixed in a proportion that was derived from following relations: Weight calculation of adhesive PC-1: Removed and ready-made contourable coating was carefully put onto the application surface of the vessel. Then, it was shaped with short movements of oiled fingertips until it gained the shapes of the pressure vessel surface. The coating must not be pushed, stretched or pressed in a violent way, since its thickness could locally change. The overhangs of the contoured photoelastic sheet were cut off (Fig.10) . After contouring, the coating sheet was left on the pressure vessel approximately 18 hours to harden completely. 
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Weight calculation of hardener:
Relations (8) and (9) refer to two-component adhesive PC-1.
The total amount of adhesive Wcelk was determined according to rough calculation, so that the whole surface of the pressure vessel was covered. The weight of applied adhesive and its components are listed in Table 3 . In the first step, required amount of adhesive was mixed and applied to the surface of the pressure vessel (Fig.12) . Then, one part of the contoured sheet was applied. Initial air bubbles and excessive adhesive were gradually pressed out with appropriate finger pressure. The adhesive was hardening approximately 12 hours. The same application procedure was followed in case of the other part of photoelastic sheet.
shaped surface of a 1 litre pressure vessel. Selected and applied was photoelastic sheet PL-1 with thickness of 0,2 cm. For bonding of the photoelastic sheet was used two-component adhesive PC-1. Photoelastic coating PL-1 hardens at ambient temperature, exhibits good birefringent sensitivity and can be used for long-term tests.
Successful fulfilment of selection and application conditions is critical for precise determination of principal strains and principal normal stresses on the surface of analyzed object through PhotoStress® method.
Other measuring procedures for determination of principal normal stresses and principal strains on irregularly shaped objects will be discussed in further contributions.
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conclusion
This contribution demonstrates selection and application of photoelastic coating onto irregularly
